The study was performed with a view to collect epidemiological data to proper control of duck salmonellosis in Bangladesh. A total of 12 small to medium sized duck farms and 28 individual households were visited for data collection. On the basis of history and clinical signs and as per the information provided by the farmers the prevalence rate of duck salmonellosis was recorded as 38.1% and the P value was calculated as 0.003 (p<0.01) which was noted as highly significant. Based on tentative occurrences of duck salmonellosis as per information taken from the structured questionnaire a total of 120 fecal samples were collected from apparently healthy and diseased ducks on the basis of age, sex, season, location and health status. The isolated bacteria were identified by studying cultural properties on different selective media, biochemical tests, and finally by PCR. The test results of cultural and biochemical exhibited the typical characteristics of bacteria. On the basis of their cultural and biochemical characteristics it was found that among 120 fecal samples 32 (26.67%) were found to be positive for Salmonella and the P value was recorded as 0.0019 (p<0.01) which was also considered as highly significant. In motility test duck Salmonella were identified as motile and all tested duck Salmonella showed indole and VP test negative with MR test positive. In PCR reaction, the organism was further confirmed as Salmonella species using the SAL-G primer.
Although a few research works were done on the basis of this topic internationally but nationally there is no research work was done related to the mentioned title. So, the present work was undertaken to study the prevalence of Duck Salmonellosis considering age, sex, season and location; to isolate and characterize the etiological agent of Duck Salmonella from the collected sample from apparently healthy and diseased Ducks through agent surveillance using cultural, biochemical and molecular technique and to study the antibiogram of the selected isolated species of Duck Salmonella species.
MATERIALS AND METHODS

Sample collection
At first the epidemiological data and subsequently cloacal swab samples were collected from Mohongonj of Netrokona, Tarail of Kishoregonj, Chunarughat of Habiganj, Ramgonj of Lakshmipur and Phulpur of Mymensingh, Bangladesh. A total number of 120 field samples (cloacal swab) from apparently healthy and diseased ducks. The samples were collected from April 2014 to March 2015 and investigation was carried out following collection. The samples were aseptically collected and then these samples were carried to the Bacteriology Laboratory at the Department of Microbiology and Hygiene of BAU, Mymensingh through Nutrient broth for bacteriological analysis.
Epidemiological investigation on Duck Salmonellosis
Epidemiological data and cloacal swab were collected from selected areas of Netrokona, Kishoregonj, Habiganj, Lakshmipur and Mymensingh districts of Bangladesh. Epidemiological data were collected through structured Questionnaire and epidemiological investigation was carried out based on some epidemiological parameters such as age, sex, seasons, location and health status of the ducks followed by isolation, identification, molecular characterization and antibiogram study of Duck Salmonella bacteria ( Table 1 and Table 2 ). 
Isolation and identification of Salmonella
Cloacal swabs were collected and each of swabs was inoculated into freshly prepared Nutrient broth. Then the tubes were marked properly and incubated at 37°C for 24 hours aerobically in bacteriological incubator. The incubated tubes were then examined for growth of bacteria. Smears were prepared from each of the test tubes and the smears were fixed. The fixed smears were stained with Gram's Method of staining and examined under microscope at 100 magnifications using immersion oil. In presence of gram negative rods in the smears, the materials from the tube corresponding to the smears were streaked onto MacConkey agar, Salmonella-Shigella agar and Brilliant green agar separately. The plates were then incubated at 37°C for 24 hours and the plates containing characteristic colonies of Salmonella were selected. Motility test and Gram's staining test were performed to identify the plates containing Salmonella accurately. Sub culturing on Salmonella-Shigella agar was performed from the suspected plates containing Salmonella to obtain a pure culture. (Cheesbrough, 1985) . Further the isolates were confirmed by amplification of Salmonella species specific 16S rRNA gene.
Bacterial Genomic DNA extraction
A pure bacterial colony of Salmonella species was mixed with 200 µL of distilled water which were boiled for 10 minutes then immediately kept on ice for cold shock. Finally centrifugation was done at 10000 rpm for 10 minutes. The supernatant were collected and used as DNA template for PCR.
Identification of Salmonella by PCR
PCR reaction was performed to detect Salmonella species specific 16S rRNA gene from isolated Salmonella in a thermal cycler. Two different primers pairs were used for this purpose, 16S rRNA gene (F 5'-ACTGGCGTTATCCCTTTCTCTGGTG -3' and R 5'-ATGTTGTCCTGCCCCTGGTAAGAGA-3') according to the methods described by Noah et al., 1993 . Each 20 µl reaction mixture consists of 3 µl genomic DNA, 10 µl PCR master mixtures (Promega, USA), and 1 µl of each of the two primers with the final volume adjusted to 20 µl with 5µl of nuclease free water. Amplification was done by initial denaturation at 94°C for 3 minutes, followed by denaturation at 94 0 C for 30 sec, annealing temperature of primers was 60°C for 60 sec and extension at 72°C for 45 sec. The final extension was conducted at 72°C for 10 minutes. The total reaction was performed at 30 cycles. The amplified PCR products were resolved by electrophoresis in 2% agarose gel at 100v for 30 minutes, stained with ethidium bromide and finally visualized under UV trans-illuminator.
Antibiotic Sensitivity Test
A total of 5 Positive isolates were tested for antimicrobial drug susceptibility against five commonly used antibiotics by disc diffusion method (Bauer et al., 1966) . Sensitivity pattern of the isolates were determined against oxacillin, gentamicin, tobramycin, azithromycin and ciprofloxacin. Antimicrobial testing results were recorded as sensitive, intermediate sensitive and resistant according to zone diameter interpretative standards provided by CLSI, 2012.
RESULTS AND DISCUSSION
The present study was performed for epidemiological investigation of Duck Salmonellosis in some selected areas of Bangladesh followed by isolation, identification and antibiogram study of Salmonella species. For this purpose at first data were collected through structured questionnaire. After consideration of collected data a total of 120 cloacal swab samples were collected and subjected to various cultural, biochemical's, molecular examinations and antibiogram study. The prevalence rate of Duck Salmonellosis from different location was shown in Table 3 . Prevalence rate was recorded as 40.2% at farm level and 36% was recorded as household level. Overall prevalence rate was recorded as 38.1% and the P value was calculated as 0.003 (p<0.01) which was noted as highly significant. For this study the samples were collected on some epidemiological parameters such as age, sex, season, health status and location. The prevalence of Salmonella from different location was shown in Table 4 Out of 120 samples examined 32 were found to be positive for Salmonella. Among the positive samples, 6 were from Mymensingh, 4 were from Lakshmipur, 9 were from Habiganj, 8 were from Netrokona and 5 were from Kishoregonj. The prevalence rate of Salmonella in Duck of these study areas were 18.75%, 16.67%, 34.61%, 36.36%, 31.25% respectively. Overall prevalence rate was 26.67%. P value was recorded as 0.0019 (p˂0.01) which indicate that the result was highly significant. This table represents that out of 120 samples prevalence of salmonellosis was 31.94% in 1 year aged ducks, 18.75% in more than 1 year aged ducks. P value was calculated as 0.041 (p<0.05) that means the result was significant. Salmonellosis was 10.52% prevalent in male birds whereas 34.14% were in female; and the P value was calculated as 0.004 (p<0.01) which indicate the result was highly significant. Salmonellosis was also prevalent 31.57% in Rainy season, 28.88% in summer and 18.92% in winter; and the P value was calculated as 0.001 (p<0.01) that means the result was highly significant. At finally Salmonellosis was prevalent 78.12% in sick birds and 7.95% were in healthy ducks where P value was calculated as 0.007 (p<0.01) which also indicate the result was highly significant. Table 5 )
The collected swab samples were subjected to various cultural, biochemicals, molecular examinations and antibiogram study to identify and characterization of the isolates. In Nutrient broth the inoculated swab samples revealed the growth of bacteria after 24 hours of inoculation at 37°C. The growth of bacteria was indicated by the presence of turbidity (Figure 3 ). On NA plates, the isolates produced round, smooth, opaque and translucent colonies (Figure 4 ). On SS agar plates, the isolates produced pinhead or lentil sized, raised, round or circular smooth, glistening, opaque, black, transparent or translucent colonies ( Figure 5 ). On XLD agar plates, the isolates produced black centered colonies ( Figure 6 ). On EMB agar plates, the isolates produced pink, smooth colonies (Figure 7) . On blood agar isolates produced non hemolytic and gray colonies (Figure 8 ). On MC agar plates, the isolates produced colorless, smooth colonies ( Figure 9 ). The microscopic examination of Gram's staining smears from SS, MC and BGA revealed short plum rod shaped organism, arranged in single and pairs ( Figure 10 ). All of the isolates were found to be motile with hanging drop slide. The isolates were identified as Salmonella by biochemical test. All of the isolated Salmonella fermented dextrose, maltose, mannitol and dulcitol with the production of acid and gas but did not ferment lactose and sucrose. Acid production was indicated by the color change from reddish to yellow and gas production was noted by the presence of gas bubbles in the inverted Durham's tubes. These isolates were positive for MR test (development of red color indicated positive test) and negative for VP and Indole test. The optimized PCR assay was able to successfully amplify the target 16S rRNA gene (496 bp fragment) from the DNA templates of all isolated Salmonella. Result of PCR for Salmonella is shown in Figure 11 . The organism was subjected to antimicrobial susceptibility test by disc diffusion method against 5 most commonly used antimicrobial agents. From the antibiogram study, it was revealed that selected isolated of Mymensingh, Lakshmipur, Habiganj, Netrokona and Kishoregonj were highly sensitive to ciprofloxacin and azithromycin, moderately sensitive to gentamicin and tobramycin and were resistant to Oxacillin. The present research work was selected and performed with the title ''Epidemiological Investigation on Duck Salmonellosis in some selected areas of Bangladesh'' considering the specific objectives as the study of prevalence of duck salmonellosis based on age, sex, season and location differences following isolation, characterization using cultural, biochemical, molecular and antibiogram study. Infection by Salmonella is a common cause of food poisoning in humans (Hobbs and Robert, 1993) . So, it is of great economic concern and public health significance. Isolation of Salmonella species from duck was reported in many other countries (Rettger et al., 1920) but there is no available report on prevalence of Salmonella species from duck and its comparison with those from other species in Bangladesh. For the study of prevalence at first data were collected through structured questionnaire from duck farmers and house hold duck keepers at selected areas of Bangladesh. On the basis of history and clinical signs and as per the information provided by the farmers the prevalence rate of Duck Salmonellosis was recorded as 38.1% and the P value was calculated as 0.0003 (p<0.01) which was noted as highly significant.
Specific enrichment media and biochemical tests were used for the isolation and identification of Salmonella which was previously suggested by a number of researchers (Buxton and Fraser 1977; Mallinson et al., 1991; Ruiz et al., 1992; Sharma and Katock 1996; Dhruba et al., 1999; Habrun et al., 2006) . In this study, colony characteristics of Salmonella from ducks of selected areas on MacConkey agar, SS agar, XLD agar and EMB agar were similar to the findings of other authors (Shaffer et al., 1964; Merchant and Packer, 1967; Buxton and Fraser, 1977) . In Gram staining, the morphology of the isolated Salmonella exhibited Gram negative, small rod shaped, single or paired in arrangement under microscope which was supported by other researchers (Freeman, 1985; Gene, 2002) . In motility test, all the isolates of Salmonella from duck have shown swinging movement which differentiates the motile Salmonella bacteria from non-motile and others (Merchant and Packer, 1967; Buxton and Fraser, 1977) . Differentiation of Salmonella into species level was difficult to identify based on their sugar fermentation pattern (Freeman, 1985) . In sugar fermentation test, all of the isolated Salmonella fermented dextrose, maltose and mannitol and produced acid and gas but did not ferment lactose which satisfies the statement of Buxton and Fraser (1977) . Again, all the isolates were positive to methyl red test and negative to indole and V-P test (Buxton and Fraser, 1977) .
The prevalence of Duck Salmonellosis in location parameters was recorded as 18.75% in Mymensingh, 16.67% in Lakshmipur, 34.61% in Habiganj, 36.36% Netrokona and 31.25% in Kishoregonj. Overall prevalence rate of Duck Salmonellosis was recorded as 26.67%. P value was recorded as 0.0019 (p˂0.01) which indicated that the result was highly significant (Table 4 ).
On the basis of cultural, biochemical and molecular confirmation the prevalence of Duck Salmonellosis was differed depending on different epidemiological parameters. Out of 120 fecal samples the prevalence of Duck Salmonellosis was 31.94% in 1 year aged ducks and 18.75% in more than 1 year aged ducks. P value was calculated as 0.041 (p<0.05) that means the result was significant. Duck Salmonellosis was 10.52% prevalent in male birds whereas 34.14% were in female birds; and the P value was calculated as 0.004 (p<0.01) which indicated the result was highly significant. Duck Salmonellosis was also prevalent 31.57% in Rainy season, 28.88% in summer and 18.92% in winter; and the P value was calculated as 0.001 (p<0.01) that means the result was highly significant. At finally Duck Salmonellosis was prevalent 78.12% in sick birds and 7.95% were in healthy birds where P value was calculated as 0.007 (p<0.01) which also indicate the result was reported as highly significant (Table 5) .
On the basis history and clinical signs and as per the information provided by the farmers the prevalence rate of Duck Salmonellosis was recorded as 38.1% but after cultural, biochemical and molecular conformation it was revealed only 26.67% which showed similarity with the findings of other researchers (Snow et al., 2007; Limawongpranee et al., 1999) . It also showed more or less similar results with other researchers who worked with cloacal samples of poultry. For instance, Haque (2011) isolated 48.07% Salmonella from cloacal samples of apparently healthy ducks; Aktar (2011) found 59% prevalence from cloacal swabs of quails and Sarkar (2009) recovered 20.83% from fecal samples and 75% from cloacal swabs of apparently healthy water birds. Conversely, Chiu et al. (2010) found 0.3% prevalence for cloacal swabs of breeder broiler and 11.3% for broiler, Mondal (2007) recorded prevalence of 13.07% from cloacal swabs of apparently healthy and diarrheic ducks. The differences among the prevalence percentages might be due to the species differentiation, hygienic, environmental and geographic variation and limitations in the laboratory of the study.
In molecular characterization, a 496-bp band was seen in each lane with the product of the PCR for Salmonella species. The isolates of Salmonella species in this study were similar to the findings of the researcher (Noah et al., 1993) .
In this study, total 5 isolates were investigated for susceptibility and resistance patterns by disc diffusion method using 5 commonly used antibiotics belonging to different criteria which were followed during sample collection such as age, sex, season, location and health status. (2011) . Among 5 antibiotics the selected isolates showed 100% sensitive to Ciprofloxacin and Azithromycin. On the other hand 80% were Intermediate to Tobramycin and Gentamycin and 100% were resistant to oxacillin which showed similarity with the findings of (Soomro et al., 2010) . Notably the sensitivity and resistant pattern of the isolates against the 5 selected antibiotics were shown various results at different age, sex, location and season groups. Results of the study indicated that some isolates were more likely to be multi-drug resistant. Therefore, more sensible use of antibiotics can be strongly suggested for the veterinarians since drug resistance could be a major public health concern as fluoroquinolenes are important antimicrobial compounds in the treatment of Salmonellosis in humans (CLSI, 2012).
CONCLUSION
Results of this study concluded that Salmonella species was found to be an important cause of duck diseases in Bangladesh resulting significant economic losses through mortality, morbidity and reduced production. Epidemiological parameters were recorded as significant factors on Duck Salmonellosis in Bangladesh and the prevalence was varied in different age, sex, location, season and health status. Salmonella were successfully isolated and identified from the collected cloacal swabs from apparently healthy and diseased ducks by cultural, morphological, biochemical and molecular techniques. On the basis of history and clinical signs and as per the information provided by the farmers the tentative prevalence rate of Duck Salmonellosis was recorded as 38.1% and the P value was calculated as 0.0003 (p<0.01) which was noted as highly significant but after cultural, biochemical and molecular confirmation it was revealed only 26.67% and the P value was calculated as 0.0019 (p˂0.01) which indicated that the result was highly significant. Antibiotic sensitivity was measured by their zone of inhibition and it might be suggested that ciprofloxacin and azithromycin could be used at any stage of duck rearing. Other drugs are not recommended for treatment and prevention of Salmonellosis at any stage of duck rearing. The isolated and characterized etiological agent of Duck Salmonellosis could be Salmonella anatum, Salmonella enteriditis, Salmonella enterica. The final and most important outcome of this study is the surveillance techniques of Salmonellosis in ducks of selected areas of Bangladesh were developed for the proper control and prevention of this economically important duck disease of the country.
